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Pyrethroid resistance mechanisms іп Bemisia tabadi] Gennadius | 
HE Yu-Xian' [HUANG Jiar?[JYANG Xiu-Juan' [JWENG Qi-Yong"[] 1. Institute of Plant Protection[] Fujian 
Academy of Agricultural Sciences[]Fuzhou 350013[] China[] 2. College of Plant Protection[]Fujian Agriculture 
and Forestry University[] Fuzhou 350002[] China[] 
Abstract [] Resistance mechanisms to pyrethroids were investigated іп Bemisia tabaci[] Gennadius[] with 
synergist bioassay[] biochemical analysis and RT-PCR amplification for || 54-6 region of sodium channel gene. 
Significant synergisms by PBO and TPP but no obvious synergism by DEM to cypermethrin[] deltamethrin[] 
lambda-cyhalothrin and fenpropathrin were found in field-collected resistant strains of B. tabaci. Те 
carboxylesterasd] CarF[] activities to o-naphthylacetate апа B-naphthylacetate in the resistant strains were 2.16 
— 2.65 and 1.22 - 1.41 times that in the susceptible strain respectively[] but there was no difference in the 
GST activities among the resistant strains and the susceptible strain. This indicated that CarE and mixed 
function oxidasd] MFO[] played an important role in the resistance of B. tabaci to pyrethroids[] while the 
resistance of В. tabaci to pyrethroids was not related to GSTs. Nucleotide and deduced amino acid sequences 
of || 54-6 region of sodium channel in six different field strains of В. tabaci in Fujian province was amplified 
by reverse transcriptase-mediated polymerase chain reaction analysi$] RT-PCR[]. Two mutations were identified 
in the [1 54-6 linker of the para-type sodium channel of B. tabaci[] isoleucine to valine at position 917 
П 1917V[] and leucine to isoleucine at position 920] L9251[]. The 19251 mutation[] occurred in all six different 
field strains[] was identified to be associated with pyrethroid resistance. This suggested that nerve insensitivity 
might be another mechanism of resistance to pyrethroids іп В. tabaci. 
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Table 1 Тһе synergism of РВОП TPP and DEM to cypermethrin 




















lambda-cyhalothrin| | deltamethrin and fenpropathrin 


























ПП ПП bi SE LC] mg/L] 0000 uu 
Strains Insecticides П 95% ЕШ RR SR 
SUD-S 000 0 Cypermethrin 1.45 + 0.18 17.8 13.50 - 22.520 1.0 = 
Cypermethrin + ТРР 1.37+0.13 15.40 12.29 – 19.08[] 1.16 
Cypermethrin + РВО 1.22 + 0.13 12.30 9.37 - 15.630 1.44 
ND-R ПППП Cypermethrin 2.84 + 0.31 2 127.42] 1 789.64— 2 441 .280 119.45 - 
Cypermethrin 4- ТРР 1.77 € 0.20 39.40 31.57 – 48.050 2.21 53.97 
Cypermethrin + РВО 2.04 + 0.20 51.38 43.24 - 61.050 2.88 41.45 
Cypermethrin + DEM 2.17 + 0.29 1 609.78 1 208.17 1 955.290 90.38 1.32 
LY-R ПППП Cypermethrin 2.37 € 0.23 2 066.30 1 789.82 — 2 443.69[] 116.02 u 
Cypermethrin + TPP 1.29-0.17 35.5 26.37 - 45.520 1.99 59.04 
Cypermethrin + PBO 1.72+0.19 163.34] 132.10 – 212.600 9.17 12.65 
NP-R ПППП Cypermethrin 1.77 € 0.19 2 892.66 2 444.40 — 3 475.120 162.42 - 
Cypermethrin 4- TPP 1.17 x 0.13 35.28] 27.16 - 45.710 1.98 82.08 
Cypermethrin + PBO 0.68 +0.13 159.67 103.82 — 294.390 8.96 18.12 
ZZ-R ПППП Cypermethrin 1.28 € 0.21 4 743.7] 3 697.24 - 6 757.62П 266.35 u 
Cypermethrin + TPP 0.88 € 0.17 86.98] 60.13 – 150.850 4.88 54.56 
Cypermethrin + PBO 1.40 x 0.18 330.4B] 260.88 — 434.35[] 18.55 14.36 
SM-R ПППП Cypermethrin 1.57 + 0.23 2 381.30 1 858.98 – 2 921.98] 113.71 u 
Cypermethrin + TPP 1.36 + 0.20 12.38 6.17 - 18.570 0.69 192.97 
Cypermethrin + PBO 1.20€ 0.17 103.85 79.96 – 135.690 5.83 22.93 
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ПП 1 Table 1 continued 
UD UD быр LCH me UDDD ооо 
Strains Insecticides П 95% ЕШ RR SR 
FZ-R 00 0 [] Cypermethrin 2.41 + 0.25 3 153.41 2 736.28 — 3 645.38] 177.06 - 
Cypermethrin + TPP 1.102 0.16 39.34 28.61 – 51.770 2.21 80.16 
Cypermethrin + РВО 1.23 + 0.17 109.30] 83.11 - 141.130 6.14 28.83 
SUD-S 0000 0 Lambda-cyhalothrin 1.77 +0.16 1.10 0.86 - 1.340 1.0 - 
Lambda-cyhalothrin + ТРР 1.33-0.18 1.04 0.77-1.33П 1.06 
Lambda-cyhalothrin + PBO 1.34 € 0.14 0.98 0.66 — 1.200 1.18 
ND-R ППППП Lambda-cyhalothrin 1.84 x 0.23 1 022.18 857.36 - 1 263.390 929.23 - 
Lambda-cyhalothrin + TPP 1.29 + 0.14 3.01 2.31 ~ 3.790 2.74 339.58 
Lambda-cyhalothrin + PBO 1.06 x 0.11 10.58 8.11 – 14.430 9.62 96.61 
Lambda-cyhalothrin + DEM 1.28 x 0.18 781.98 604.92 — 1 048.300 710.84 1.31 
SUD-S ПП 0 0 Deltamethrin 1.63 +0.19 8.70 7.02 - 11.270 1.0 - 
Deltamethrin + ТРР 1.38 x 0.18 7.10 5.62 - 9. 12[] 1.23 
Deltamethrin + PBO 1.60 x 0.18 6.90 5.62 — 8.55[] 1.26 
ND-R ПППП Deltamethrin 2.36 + 0.25 712.80 613.74 — 823.100 81.75 - 
Deltamethrin + ТРР 1.57 x 0.19 3.83 2.88 - 4.80[] 0.44 186.62 
Deltamethrin + PBO 1.58 + 0.15 28.96 22.89 – 35.550 3.32 24.62 
Deltamethrin + DEM 2.26 x 0.20 695.58 608.24 — 803.81[] 79.77 1.02 
LY-R ПП 0 0 Deltamethrin 2.71 x 0.37 1 017.30 870.73 – 1 285.92[] 116.66 - 
Deltamethrin + ТРР 0.91 x 0.13 4.28 2.67 — 5.92[] 0.49 240.50 
Deltamethrin + PBO 0.60 x 0.15 34.18 20.67 – 69.570 3.91 29.81 
NP-R 000 0 Deltamethrin 3.94 + 0.37 999.08 912.05 – 1 100.220 114.57 - 
Deltamethrin + ТРР 0.93 x 0.13 4.06 2.52 - 5.710 0.46 246.69 
Deltamethrin + PBO 0.90 x 0.13 32.8 23.65 - 48.99[] 3.71. 30.41 
ZZ-R ПП 0 0 Deltamethrin 3.50 + 0.33 1 082.8 983.19 — 1 205.780 124.18 - 
Deltamethrin + ТРР 1.20 + 0.13 7.20 5.55 – 9.15[] 0.83 150.39 
Deltamethrin + PBO 1.17 + 0.18 28.40 17.88 – 38.800 3.26 38.13 
SM-R ПППП Deltamethrin 3.05 € 0.27 1016.4p] 911.02 — 1 153.430 116.56 - 
Deltamethrin + ТРР 1.31 20.15 2.78 1.78 — 3.800 0.32 365.62 
Deltamethrin + PBO 1.24 x 0.14 12.10 9.62 - 15.950 1.40 83.38 
FZ-R ПП D 0 Deltamethrin 3.13 +0.32 968.50 869.29 — 1 083.18[] 111.07 - 
Deltamethrin + ТРР 1.19 x 0.13 8.58 6.70 - 10.91[] 0.98 113.14 
Deltamethrin + PBO 1.14 x 0.17 20.51 12.42 – 28.59[] 2.36 47.08 
500-5 ПППП Fenpropathrin 1.92 + 0.19 4.90 4.16 - 5.880 1.0 = 
Fenpropathrin + TPP 1.48 £0.14 4.10 3.40 - 5.160 1.18 
Fenpropathrin + PBO 1.43x 0.14 3.9p] 3.18 - 4.880 1.25 
ND-R U D П 0 Fenpropathrin 1.77 + 0.23 1 876.50 1 266.96 — 2 424.62 381.42 - 
Fenpropathrin + ТРР 2.27 x 0.20 16.89 13.48 – 20.260 3.43 111.11 
Fenpropathrin + PBO 1.98 x 0.20 32.80] 26.45 – 39.390 6.67 57.18 
Fenpropathrin + DEM 1.36 x 0.23 1 029.88 451.37 – 1 595.850 209.33 1.82 
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02 ШШШШШПШПППППШИПП $5ПШПШШПППП 
Table 2 Comparison of the activities of CarE and GSTs in different strains of Bemisia tabaci 
0000 Care 
5 GSTs 
un SE BNA 0000 5000 5 
Sumans Ор Activit£] ОР тіп” те! 0 R/S ПП Activity] OD min^* mg: ! [] R/S ПП Activi OD тіп”! me ` ! [] R/S 
П mean + SED Ü П mean + SED П mean + SED ` 
SUD-S 1.67 x 0.15 4.33 € 0.14 5.07 € 0.33 
FZ-R 4.22 + 0.26 2.53 5.29 € 0.19 1.22 5.52 € 0.34 1.09 
ZZ-R 4.43 € 0.17 2.65 6.09 + 0.24 1.41 5.71 € 0.38 1.12 
LY-R 4.02 € 0.22 2.41 5.68 x 0.17 1.31 5.11 € 0.25 1.01 
SM-R 3.92 € 0.15 2.35 5.32 + 0.15 1.23 5.61 € 0.36 1.11 
NP-R 3.95 € 0.25 2.37 6.03 + 0.21 1.39 5.45 € 0.21 1.07 
ND-R 3.60€ 0.15 2.16 5.59 € 0.12 1.29 5.20€ 0.14 1.03 
03 ПШШШШПШШПШПП Vl Km 00 
Table 3 Comparison of the maximal velocity] Vmax] and Michaelis-Menten constant] K„ [O of 
CarE in different strains of Bemisia tabaci 
a-NA B-NA 
ШП V, SE K, SE V, SE K, SE 
Strains max E * m €t У тах £ * m Ё 2 
3 R/S R/S R/S R/S 
П OD min ` 1: ше! 0 pmol/L П OD min ``: mg" ![] O pmol/L 
SUD-S 7.23 + 1.62 1.00 418.94 + 5.24 1.00 7.49 + 1.56 1.00 82.02 + 7.44 1.00 
77-8 19.17 +3.30 2.65 487.66 + 11.18 1.16 9.92 +2.42 1.32 81.05 +9.18 0.99 
2.8 ПППППППППП 185460 00000 
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Ao K S PTL Л І5ІУУ G R T ҰСА 
511-5 GCCAAATOCT GGOCAACTTT GAATCTGTTG ATTTCARTCA TOGGCOGAAC 326ТТ00000 60 















SNR СССЛААТОСТ GGOCAACTTT GAATCIGITG. ATTICARICA TGGGCOGAAC AGIBGGGGUC 60 
АРТ GCCAAATOCT GGOCAACTTT СААТСТОТТС АТТТСААТСА ТСОССОСААС AGTIROGGGOC: 60 


LY-R GUCAAATUCT GGOLAACITT GAATCIGITG АІТІСАЙІСА TGGGCCOGAMC AGDIIGGGGUC 60 
ZZ R GCCAAATOCT СССГААСТТТ СААТСТОТТО АТТТСААТСА TG COCO AAC AG 11000: 60 
FZ-R GÜCAASTOCI GGOCAACITI СААТСІСТІС ATTICAGICA Ti AAU AGTIGGGGCC 60 
NDR GCCAAATOCT GGOCAACTTT СААТСТОТТО ATTTCARTCA TGOGCOGAAC. AGTIRGGGGOC 60 


LTEN E T F V LCI IIFI FAV ИСИ 
TAGGAAATT TGACTTTTG T Tri TGTATC ATTATTTTCA ТИСЕ TG T GATGGGAATG 120 
: АТС 120 
TAGGAMATT TGACTTTTGT TTTGTGTATC ATTATTTTCR ТТПТТ GAT( АТО 120 
ТАССАААТТ TGACTTTTGT TTTGTGTATC АТТАТТТТСА ТТТТТОСТОТ 02370004470 120 
ТАССАЛАТТ TGACTTTTGE ТІПЕІКСІЛІС AITATITTCA TTTITGCIGT GAIGGGAAIG 120 
TAGGASAATT TGACTTTTGT TTTGTGTATC АТТАТТТТСА TTTTTGCTGT GATGGOAATG — 120 
TAGGAAATI ТӨАСТІГІСІ TITGIGEATC АТТАТТТІСА TITITGCIGT САТСССЛАТС — 120 
QLEFG KNY TDN ТЕГ РИФ ГІР 
CAACIATTOG GGAAGAATTA TACAGACAAT GITGATCGCTI TICCTGGCGG AGAACIACCI — 180 
CAACTATTOG. GGAAGAATTA TACAGACAAT GTTGATOGCT ТТССТСССОС AGAACTACCT. 180 
CAACIATIOG СОЛАСААТТА ТАСАСАСААТ СТТСАТСОСТ TIOCIGGCOG AGAACIACCI — 180 
CAACTATTOG. GGAAGAATTA TACAGACAAT GTTGATOGCT ТТССТСССОС AGAACTACCT. 180 
CAACTATTOG GGAAGAATIA TACAGACAAT GTTGATCGCT TTOC n E ДАТ 180 
CAACTATTCG СОЛАСААЛТТА ТАСАСАСААТ GTTGATOGCT TTCCTOGCC 180 
СААСТАТТСС GGAAGAATTA ТАСАСАСААТ GTTGSTOGCT TICCTGGCGG ACAACTACC 1 180 
RW XE ТрЕ MHS FMIVY FRVY LC 6 
CGGTOGAATT TTACTGACTT CATGCACTCA TTCATGATOG ТТТТТОЛАСТ CCTCTGCGGA — 240 
COGTGGAATT TTACTGACTT. CATGCACTCA TICATGATOG TTTTTOGAGT CCTCTGCGGA — 240 
CGGTGGAATT TTACTGACTT CATGCACTCA TTCATGATOG TTTTTOGAGT ССТСТОСОЮА 240 
CoGTGGAATT TTACTGACITT CATGCACTCA TICATGATOG TITITOGAGI CCTCIGCGGA — 740 
CGGTGGAATT TTACTGACTT CATGCACTCA TTCATGATOG TTTTTOGAGT GCTCTGCGGA —— 240 
UGGIGGAATT TIACTGACTT САТОСАСТСА TECATGATOG TI'TTTCGAGI OCTCIGCGGA — 240 
CGGTGGAATT TTACTGACTT CATGCACTCA TTCATGATOG ТТТТТОСАСТ GCTCTGCGGA 240 
E w 1 Ë 5 му DCHM HYGD ҮЗСІРЕ 
ATTG AGTCCATGTG GGACTGTATG CATGTTGGTG ATGTGTOCTG ТАТТОСТТТТ — 300 
3 XACTGTATG CATGTTGGTG ATGTGTOCTG TATTOCTTTT — 300 

















GAATGGATTG ж GTG GGACTOTATG CATGTTGGTG ATGTGTOCTG TATTOCTTTT — 300 
GAATOGATTO: АСТСІ CATGTG GOACTGTATG CATGTTGGTG ATGTGTOCTG TATTOCTTTT — 300 
GAATGGATTG AGICCATGIG GGACIGIATG CATGTTGGIG ATGIGTOCIG TATICCITTT — 300 
СААТОСАТТО AGTCCATGTG GGACTGTATG CATGTTGGTG ATGTGTOCTG TATTOCTTTT — 300 
GAATGGATIG AGICCATGIG GGACIGIATG CATGTIGGIG AIGIGTOCIG ТАПӨСТІТІ 300 
E LAT Жат ғыл; ЛАСЫ ыты за Т.Т 

TULUIAGCCA CIGICGTTAT. CGGTTACCTT GIAGTTTIAA AICITTICTT AGCGIIGTIG — 360 
ТТТТТАСОСА СТОТСОТТАТ СОСТТАССТТ GTAGTTTTAA ATCTTTTCTT АСССТТСТТО — 360 
TILÉIAGOCA CIGECGIIAT CGGITACCIT GIAGITITAA ATCITTICTTI AGCGTIGTIG — 360 
ТТТТТАСОСА СТОТСОТТАТ CGGTTACCTT GTAGTTTTAA ATCTTTTCTT АСССТТСТТО 360 
TTTTTAGOCA CIGTOGTTAT CGGTTACCTT СТАСТТТТАА ATCTTTICTT AGCGTTGTIG — 360 
TTTTTAGOCA. СТОТСОТТАТ CGGTTACCTT GTAGTTTTAA ATCTTTTCTT АСССТТСТТО — 360 
ТІТІТАСОСА CTGTOGTTAT CGGTTACCTT СТАСТТТТАА ATCTTTTCTT AGCGTTGTIG — 360 
L S ON FR 685 515 АРТА DNE TNK 

CTGAGTAATT TOGGATCATC AAGCTTATOR GCGOCSACAG CTGACAACGA ААСАААСААА — 420 
CTGAGIAATT TOGGATCATC AAGCTTATCE GCGCCAACAG CTGACAACGA AACAAACAAA 420 
СТОАСТААТТ TOGGATCATC ААССТТАТСТ GCGOCAACAG СТПАСААССА ААСАААСААА 120 
CIGAGIAATT TOGGATCATC ААБСТТАТСЇ GCGCCAACAG CIGACAACGA AACAAACAAA 420 
CTGACTAATT TOGGATCATC ААССТТАТСТ GCGOCAACAG СТПАСААССА AACAAACAAA — 420 
CIGAGTAAIT TOGGATCATC AAGCITATCE СССОСААСАС CIGACAACGA AACAAACAAA — 420 
СТСАСТААТТ TOGGATCATC AAGCTTATOT СССССААСАС СТСАСААССА ААСАААСААА — 420 











ПІ ПППППППППППППППППППП П59-60 0000000000006000 
Fig. 1 Nucleotide and deduced amino acid sequences of the domain || 54-6 region of sodium channel 
in the resistant strains and the susceptible strain of Bemisia tabaci 
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